Introduction
Within the developments process of China's economy, monetary policy has played important roles to stabilize the economy, which has spurred various academic debates on effects of the monetary policy regime in China. In this exercise, we use a standard DSGE model with alternative monetary policy rules to simulate the transmission mechanisms and business cycle in China. We also compare some different features between Chinese economy, American economy and Euro area based on the estimated values of the parameters in our model with Bayesian approach. The results of our study provide important implications to the operations of monetary policy in China.
The dynamic stochastic general equilibrium (DSGE) models are developed from RBC models by injecting some so-called New Keynesian Macroeconomic (NKM) approaches such as nominal stickiness and market imperfections into it. By incorporating many concepts, ideas and theories of microeconomics into macroeconomic dynamics, the DSGE models make the macroeconomic modeling more consistent and effective because its rigorous microfoundations link the development in macroeconomics to the advances in microeconomics, contributing its great success and attractiveness. The inclusion of nominal rigidities such as sticky prices and wages by Taylor (1980) and Calvo (1983) in DSGE models has proved to be extremely useful for explaining the empirical evidence of macroeconomics. Moreover, by introducing monetary variables in agent's utility function (MIU model) and the monetary policy and fiscal rules, DSGE models provide powerful aspects on the monetary policy analysis and fiscal policy analysis as well as on many other theoretical issues. 3 As vast literatures have been dedicated to the shaping and developing of DSGE Models, progress has been made and the DSGE models have dominated many branches of macroeconomics, such as international macroeconomics, monetary economics, labour economics and public economics. As a consequent, many techniques have taken it to the data. Today, the DSGE models are not only attractive from a theoretical perspective, but also are emerging as useful tools for forecasting and quantitative policy analysis in macroeconomics.
Most DSGE models are developed for advanced economies, but this does not imply that DSGE models cannot capture the features of China's economy. This is because the Chinese economy has become so marketised since 1978 that some of the macroeconomic models rooted in the developed economy can be applied to it, according to the arguments from Scheibe and Vines (2005) and Chow (2002) 4 .
In this paper, following Smets and Wouters (2002) and Christiano et al (2001 Christiano et al ( , 2005 , we employ a standard DSGE model (Smets-Wouters model) and a modified S-W model to simulate China's monetary policy transmission mechanism and the contributions of monetary shocks and non monetary shocks to China's business cycle. Two scenarios are discussed and examined. First, in the benchmark Smets-Wouters model, money is endogenous in the system and the monetary authority follows a Taylor's rule (Interest rate rule).
Second, referring to the reality of China's monetary operation, following Zhang (2009), we establish a modified Smets-Wouters model, in which money is injected explicitly into the utility function and the central bank of China follows a money growth rule. We have examined these two scenarios and compared the simulation results from them. The model economy consist of a utility-maximizing rational agent (households), profit-maximizing two-sector firms-private final good firms in competitive market and state owned monopolistic intermediate firms, and a monetary authority. By computing the first-order solutions to the behavioral equations and state equations, we obtain a group of nonlinear equations for the model economy. On the basis of regarding perturbation algorithms developed in the Matlab and Dynare software 5 , the nonlinear equations can be solved and transformed to policy and transmission equations to simulate the monetary policy transmission and business cycle in China with real time series data.
The remainder of this paper is arranged as follows, Section 2 specifies the benchmark Smets-Wouters model with Taylor's rule and a modified Smets-Wouters model with a money growth rule for China's monetary policy operation and its first-order solutions. Section 3 estimates the parameters by a Bayesian approach.
Section 4 presents the simulation results from two models for monetary policy transmission and business cycle in China. Section 5 concludes and summarizes. The results of estimated parameters are reported in Appendix.
The DSGE Models Specification for China's Economy
Frank Smets and Raf Wouters (2002) developed a benchmark stochastic dynamic general equilibrium model for ECB's monetary policy analysis. With reform and openness since 1978, China has transformed its economic system from a planned central-control regime to more market-oriented free economy, which is the first reason why I can choose this model designed for a developed economy to simulate China's macro economy. Second, the Smets-Wouters model assumes two production sectors, the final firm in a perfect competition market and the intermediate firms in monopolistic market, which is in line with the realities of China's economy: state owned companies have a monopolistic position by controlling the raw materials and energy sectors as intermediate firms, the private and small firms produce final consumption goods in competitive markets. Third, the Smets-Wouters model provides ten exogenous stochastic shocks, which compose of not only two monetary shocks (an interest rate shock and the money supply shock; with money supply shock this model is closer to the practical operations of China's monetary policy), but also two fiscal policy shocks(investment shock and government expenditure shock). This coincides with the macro policy environment of China, in which not only monetary policy, but also fiscal policy play very important roles in stabilizing and promoting the growth of China's economy. Finally, the elegance and complexity of the Smets-Wouters model can provide more aspects in simulating China's macro economy.
In this model economy, a continuum of households supply labour services to the intermediate firms in a monopolistic competition market, they set wage with Calvo-stickiness, invest with adjustment cost and Incorporating many other sources of exogenous shocks with monetary policy shocks, the model do simulate the business cycle of real economy and provide lots of implications for analyzing policies. 5 We use Dynare V4.02 on Matlab 2007a.
Households
The household agent j from a continuum of households maximizes the present value of his stream of utilities in an infinite horizon (2.1)
The preference of household j is
Where 0 1 , 0, 0 This concept has a long history in macroeconomics, which argues that household's utility is not only from the consumption of a bundle of goods, but also depends on his past consumption. The consumption-habit variable has been widely used in the New Business Cycle models, further discussion, see, for example, Dennis (2008 is a shock to the investment cost following an AR (1) process.
S I t e
Assuming that the wage is set with Calvo-stickiness, the probability that the households can change its wage equals to 1 w   and the new nominal wage is set at
The wages which can not be re-optimized are indexed with the past inflation as
Where w  is the degree of partial wage indexation between zero and one. 
On the basis of (2.9), following Calvo (1983) , the law of motion of the aggregate wage is 8 7 This "packaging technology" is also named as the Dixit-Stiglizt Aggregator, governing the features of substitutability and monopoly in a monopolistic competition. See Dixit, Avinash K. and Joseph E. Stiglizt (1977) , "Monopolistic Competition and Optimum Product Diversity", American Economic Review, Vol. 67, See, for example, Appendix in Calvo (1983 ), Yun (1996 , Erceg et al (2000) and Appendix A in Christiano et al (2001) . 
Following Christiano et al. (2001, see Appendix 1) and Uhlig (2007) , we have:
We drop the superscripts in the above variables in the following.
The first-order conditions for the household can be obtained as follows
 is the Lagrange multiplier which represents the marginal utility of income.
The demand for money is given by
First, following Smets and Wouters (2002) , this equation is ignored in the Taylor's rule model, which implies endogenous money in the system. Referring to the discussions on the Smets-Wouters Model provided by Professor Uhlig (his website: wiwi.hu-belin.de), this suggests a utility function without money. In the later works of Wouter (2005, 2007) , they accept the suggestion of Professor Uhlig, taking a utility function without money. Some Chinese researchers also suggest a utility function without money (see Chen Kunting and Gong Liutang, 2006) . By making these assumptions, the final ten linear equations in the Smets-Wouters model are kept unchanged when applied to simulate China's economy in the first scenario.
Second, we include this money demand equation into a money growth rule model: this implies that money is injected explicitly into the system. By assuming that the PBC follows a money growth policy rule, a modified Smets-Wouters model will be set up to simulate the monetary policy transmission and business cycle in China.
The Lucas asset pricing equation for the real value of capital:
The investment equation is 
Following Calvo (1983) and Christiano et al. (2001) , the probability of the firms that can re-optimise the price is1 p   , and the prices of the firms that can not follow the price signal are indexed on the past inflation similar as in the wage setting.
Using j t p  to represent the re-optimised price, we have the following optimality relationship for setting 
Monetary Policy and the Government
The government expenditure is met by levying lump sum taxation on the households, bond issuing and seigniorage as
The PBC has never released its monetary policy model. that an interest rate rule is more effective than a quantity (money supply) rule in China. Burdekin and Silklos (2005) claimed that the PBC seems to follow a money growth rule like the McCallum rule.
As mentioned above, we consider both scenarios for the monetary policy rules which may be taken by the PBC.
In the first scenario, the monetary authority conducts its monetary policy by setting interest rates following a modified Taylor's rule (Smets and Wouters, 2002) as follows: Because the PBC targets inflation and output, we can assume a monetary growth rule as following:
Where M  is used to capture the persistence of the money growth,
M t e is a money supply shock following an AR (1) process same as t e  .
1
 and 2  are coefficients of inflation and output respectively.
Market Equilibriums
The equilibrium conditions for the model economy require clearing the labour market, goods market, capital rental market. The equilibriums include Labour Market: the demand for the labour equals to labour supply,
Goods Market:
Capital rent Market: capital demand equals capital supply
In our second scenario, money is injected by the PBC, the money market equilibrium is First, we use the benchmark Smets-Wouters, which consists of ten linear equations (log-linearized) as follows
The Linearised Models and the Exogenous Shocks

The benchmark Smets-Wouters model with Taylor's Rule:
The consumption equation is:
The investment equation is given by:
, capturing the capital adjustment costs as a function of the change in investment.
9
The Q equation (Tobin's Q) is:
 is a shock to the required rate of return on equity investment.
The standard capital accumulation equation:
The labour demand equation:
is the inverse of elasticity of the capital utilization cost function.
The production function is standard:
Where  is inverse of one plus the share of the fixed cost in production.
The goods market equilibrium condition:
Where is the steady state ratio of capital to output, is the steady state government expenditure-output ratio, is government expenditure shock following AR(1) process.
The inflation equation or the New Keynesian Philips Curve is given by
 is a price mark-up shock.
The wage equation is: 9 The meanings of  and refer to Christiano, Eichenbaum and Evans (2001) 
 is the wage mark-up shock.
The monetary policy reaction function is
The modified Smets-Wouters model with a money growth rule:
In the second scenario, the money is injected into the system by the PBC, the Taylor's rule is replaced by a money growth rule, and the equation 2.47 is replaced by the following three equations:
(1 )
Where 2.48 comes from money demand function (2.15).
The Exogenous shocks
There are ten exogenous shocks in this regime, the preference shock follows, 
The investment shock, 
The government expenditure shock,
The three "cost-push" shocks, the wage mark-up shock, Christiano et al (2001) and Rotemberg and Woodford (1998) , the parameters in the Taylor's rule model are divided into two groups.
The First group of parameters consists of ( , , , , Blanchard and Kahn (1980) , many algorithms have been developed to solve the rational-expectation models, including Anderson and Moore (1983), Binder and Pesaran (1994) , Sims (1996) , King and Watson (1998) , Klein (1999) and Uhlig (1999) .
The lues of Parameters by setting for ylor's rule model ters In our Table 2 .
The inter-temporal elasticity of substitution  locates between 0.5-1.50 generally according to the results of other research, which is assumed to be distributed as a normal distr bution; its precise mean was based on previous outcomes and trials. The inverse elasticity of labour supply ] are assumed to be normal distribution and the priors for them are set following Uhlig (2006 Uhlig ( /2007 ; the habit coefficient of historical consumption has a prior mean 0.5 with standard error 0.10 in beta distribution; the degree of price indexation, the Calvo stickiness of price and wage, and the wage mark up are set to be equal or greater than 0.5 with a beta distribution based on Euro data following Smets and Wouters (2002) ; All AR coefficients of lagged variables for interest rate and stochastic shocks are assumed to follow a beta distribution (stationary) following Smets and Wouters (2002) , their standard errors are set to make the domain covers a reasonable band. Following Smets and Wouters (2002) , the ith prior m va check. The results are also shown in Table 3 , which is co riance of ten shocks are assumed to be inverse Gamma distribution, which guarantees the positive variance.
Using the Bayesian technology, the posterior modes of the parameters are estimated with China's time series quarterly data from 1995q1 to 2006 q4. We estimated these parameters using MCMC approach with Metropolis-Hastings algorithm (100000 draws) in dynare v4.02. We also exploit the maximum likelihood methods to estimate the parameters for a robust nsistent with the results of Bayesian estimation.
From Comparing the values of our estimated parameters from China's economic data with that from Euro area and US data based on the same model and same estimating approach from Table 5 . 
The Simulation Results
In this section, we use the estimated DSGE models with the Taylor's rule and money growth rule to conduct analysis on the impulse responses of the endogenous economic variables to the various structural shocks, especially the monetary policy shocks and productivity shocks to uncover the transmission mechanism of monetary policy in China and the characteristics of China's business cycles respectively.
Impulse Response Analysis on Two Monetary Policy Rules
The impulse responses of endogenous variables on the exogenous shocks-two monetary policy shocks, three cost-push shocks, technology shocks, preference shocks, government expenditure shock, investment shock will be presented and discussed as follows. Before discussion, we provide a notation table for the variables in the model system. Figure 1 shows the effects of the money supply shock. In Taylor's rule model shown by Panel A, the real wage, labour hours, capital stock, consumption, investment, and output rise, which is in line with the canonical conclusions. The real interest rate falls immediately, demonstrating a liquidity effect following an inflation effect: two years later the real interest rate begins to rise against the increase of inflation. These results are different from that in Euro Area from Smets and Wouters (2002) , where no liquidity effect is found without persistent monetary policy shock.
The Effects of Monetary Policy Shocks and the Transmission Channels of China's Monetary Policy
The increase of money supply causes the fall of the interest rate and thereby the rises of consumption, investment and then the output, these results provide the evidence of an interest rate channel of MTM in China.
Also, the immediate rise of asset price (q, Tobin's q) caused by a money supply shock following the gradual rise of consumption (Wealth Effect) and investment (Tobin's Q) supports the existence of an asset price channel in MTM in China. Moreover, the inflation equation (2.41) incorporates the effects of expectations in the monetary policy transmission implies the expectation channel).
In money growth rule model shown by panel B, A money supply shock increases money growth rate and the money supply, and makes inflation rate rise. Consumption, investment and capital all rise and thereby raising the output. The interest rate rises initially and then falls quickly. These effects confirm the existence of the monetary channel (interest rate channel) and the liquidity effect in China. The rise in the asset price (q) shows the evidence of the asset price channel. The labour supply and the wage rate also rise after a money supply shock.
Comparing the effects of money supply shock in Taylor's rule and the money growth rule, we can find the responses of all variables to money supply shocks are similar. The differences are the magnitude of the effects.
The effects of an interest rate shock in Taylor's rule model are presented in Figure 2 . A positive interest rate shock makes real interest rate rise, and thereby reduces the consumption, investment, output, capital stock, labour supply, real wage level and the rate of inflation, but the rental rate of capital soon rebound after temporary decrease. This clearly suggests the existence of the interest rate channel of monetary policy in
China. The immediate fall of asset price following the fall in consumption and investment also implies the existence of an asset price channel through Tobin's effect and Wealth effect. Moreover, the above effects uncover the role of monetary policy in China's business cycles. increases the investment and consumption (gradually) and thereby the output, which supports the evidence of an asset price channel. The capital stock, labour supply, real wage, and interest rate also increase, which reduces inflation rate and capital rental rate. Panel B (Money growth rule model) shows that a positive equity premium shock increases the asset price, the investment and thereby the output (the asset price channel), but decreases the consumption (crowding out effect). This shock decreases the money supply and the inflation and raises the interest rate. In the Taylor's rule model, no crowding effect can be found in this case. The responses of wage rate in two scenarios are different.
The Effects of Cost-push Shocks
The Effects of Other Shocks
Panel A (Taylor's rule) in Figure 6 shows, following a positive productivity shock, the consumption, investment, output, capital stock and real wage rise, while labour supply (employment) falls. The rental rate of capital, return on equity market, interest rate and inflation rate also fall. These effects tell the same story identified as in US and Euro Area. As Smets and Wouters (2002) pointed out, the rise in productivity causes the fall in marginal cost, because the monetary policy does not reacts timely and strongly (interest rate falls slowly) to offset this fall in marginal cost, which decreases inflation gradually; In Panel B (Money growth rule), following a positive productivity shock, similarly as in Taylor's rule, the consumption, investment, asset price, money supply, capital increase and thereby the output increase. But the wage rate declines, which is different from that in the Taylor's rule model. The inflation, interest rate and capital rent rate decrease which are similar as in Taylor's rule.
Panel A (Taylor's rule) in Figure 7 demonstrates the effects of a positive labour supply shock. The qualitative effects of this shock on consumption, investment, output, capital stock, inflation and interest rate are similar to those of a productivity shock. But the employment and real wage have opposite responses as those of a productivity shock. Panel B (Money growth rule) also shows the effects of a positive labour supply shock.
The consumption, investment and thereby the output rise after this shock, similar effects as the productive shock. The wage rate declines and the labour supply rises. The effects are qualitatively same as in the Taylor's rule model. The difference is that the asset price increases in the money growth rule model.
Following a preference shock shown by Panel A (Taylor's rule) in Figure 8 , the consumption and output increase significantly, while the investment increases initially and then begin to fall, demonstrating a delay significant crowding out effects; the labour supply and real wage also increase, which cause the rise in marginal cost and thereby increase the inflation rate, the interest rate rise following the rise in inflation. Panel B shows the responses to a preference shock in the money growth rule model. Although consumption increases but the fall in the investment crowds out this effect and the output decreases, this is different from the Taylor's rule model, where the output increases. Also a different response in the asset price can be found here. The rises in the inflation and interest rate are same as that in the Taylor's rule model.
The government expenditure shock has significant effects in China, as shown by Panel A in Figure 9: increasing the labour supply, real wage and output immediately and thereby causing demand-pull inflation gradually. It decreases the private consumption and investment, implying a significant crowding out effect on private consumption and private investments. The fall in consumption leads to the rise of marginal utility of working, which increases the labour supply. The return on equity market rises while the capital stock falls. The interest rate and rental rate of capital also increase. In panel B, following a positive government expenditure shock in the money growth rule model, the capital, private investment and consumption decrease but output increases, showing a significant crowding out effects. The responses are qualitatively similar in two models.
Panel A (Taylor's rule) in Figure 10 shows the effects of a positive investment shock. Investment, the capital stock and output increase significantly with a weak crowding out effect on consumption, which has a similar result as government expenditure shocks: labour supply and real wage also rise. The investment shock causes a weak rise in inflation, while the equity premium and capital rental rate falls. Panel B demonstrates the effects of a positive investment shock under a money growth rule. The investment, labour supply and output increase with a significant crowding out effect on consumption (In Taylor's rule the crowding out effect is weak). The wage rate, inflation rate and interest rate decline, showing different effects from that in Taylor's rule model. Table 7 shows the variance decomposition in infinite horizon for the Taylor's rule model. Focusing on the contribution of each of the structural shocks to output, we can find that in the long run, the investment and preference shocks drives the forecasted GDP variances, which can explain about 20% of output forecast error respectively; technology shock, monetary policy shock (interest rate shock), government expenditure shock and cost-push shocks (price mark up, wage mark up) also play distinguished roles, each contributes about 10% respectively. Money supply shocks have no impact on output variance in the long run.
This is in line with the assumption that the money is neutral in our utility function. These conclusions are very different from that in Euro Area from Smets and Wouters (2002) .
Turning to the determinants of inflation, it shows that the cost-push shock dominates the forecast errors, which contributes about 50% of inflation variance, uncovering the special characteristics of inflation formulation in China. Preference shocks also account for 20%, technology shocks account for 12%, whereas monetary policy shocks also contribute about 10%.
The interest rate is mainly driven by the preference shock (45%), cost-push shocks and technology shocks also account for above 10%.
Obviously, the consumption variance is dominated by preference shock (50%); whereas technology shock, cost-push shock and monetary policy shocks also have impact.
In summary, the preference shock and investment shock play significant roles in China's business cycle, cost-push shocks, technology shock, government expenditure shock and monetary policy (interest rate) shock also explain distinguished fraction of output, inflation, interest rate and consumption.
It is worth noting that the wage mark-up shock and technology shock determinant 50% of labour supply variance in the long run. Investment and government expenditure shocks also play important roles in labour supply in China. Table 8 shows the variance decomposition in infinite horizon for the money growth rule model. Money supply shock has no impact on output variance in the long run. These are different from that in Taylor's rule model, in which investment and preference shocks play significant roles.
On the determinants of inflation, the preference and technology shocks also contribute significantly to the variations of the inflation. The cost-push shocks contribute about 40% of inflation variance. The results are different from that in Taylor's model, in which the cost-push shocks dominate the variations of the inflation.
The consumption variance is also dominated by the government expenditure shock (56%). The preference shock contributes about 20%.
Similarly, the wage mark-up shock determines 50% of labour supply variance in the long run. The productive shock also play important role in the labour supply in China.
Summary and Conclusions
In this paper, we employ the bench-mark New Keynesian Model-The Smet-Wouters model with Taylor's rule and a modified Smets-Wouters model with a money growth rule to simulate the effects of monetary policy shocks on China's economy and the contributions of the diverse macroeconomic shocks to business cycle in China. This model incorporates many frictions which are enough to capture the empirical persistence in the main China's macro economic data.
We estimate this DSGE model using Bayesian approach following Smets and Wouters (2002) Second, the transmission of non-monetary shocks is also significant. The cost-push shocks increase the rate of inflation significantly; a positive productivity shock makes the consumption, investment, output, capital stock and real wage rise, while labour supply (employment) falls. The rental rate of capital, return on equity market, interest rate and inflation rate also fall. These effects tell the same story identified as in US and Euro Area. As Smets and Wouters (2002) pointed out, the rise in productivity causes the fall in marginal cost, because the monetary policy does not react timely and strongly (interest rate falls slowly) to offset this fall in marginal cost, which decreases inflation gradually; the effects of a positive labour supply shock on consumption, investment, output, capital stock, inflation and interest rate are similar to those of a productivity shock. A preference shock increases the consumption and output significantly, while the investment increases initially and then begin to fall, demonstrating a delay significant crowding out effects; the labour supply and real wage also increase, which cause the rise in marginal cost and thereby increase the inflation rate, the interest rate rise following the rise in inflation. The government expenditure shock has significant effects in China: increase the labour supply, real wage and output immediately and thereby cause demand-pull inflation gradually. It decreases the private consumption and investment, also implying a significant crowding out effects on private consumption and private investments. The fall in consumption leads to the rise of marginal utility of working, which increases the labour supply. The return on equity market rises while the capital stock falls. The interest rate and rental rate of capital also increase. The effects of a positive investment shock are qualitatively similar as the government expenditure shock.
Third, we have measured the contributions of monetary policy shocks and non-policy shocks to the business
cycle developments in China's economy. Depending on the results of variance decomposition in infinite horizon, we find that preference shock and investment shock play significant roles in China's business cycle, besides, the cost-push shocks, the technology shock, and the monetary policy (interest rate) shock also explain distinguished fraction of output, inflation, interest rate and consumption. To the variance decomposition of the inflation, it shows that the cost-push shock dominates the forecast errors of the inflation, which contributes about 50% of inflation variance, uncovering the special characteristics of inflation formulation in China.
Preference shocks also account for 20%, technology shocks account for 12%, whereas monetary policy shock also contributes about 10%. On the determinants of labour supply, the wage mark-up shock and technology shock dominate 50% of labour supply variance in the long run, Investment and government expenditure shocks also play important role in labour supply in China.
The modified Smets-Wouters model with a money growth rule uncovers the same monetary policy transmission mechanisms: the existence of the monetary channel, the asset price channel and the expectation channel. The responses to the monetary policy shocks and non monetary policy shocks are qualitatively similar as in the Taylor's rule although there are some differences. The main differences emerge in the variance decomposition or the contributions to the business cycle of China's economy. In the money growth rule model, the government expenditure, preference and productive shocks play significant rules in the variations of output.
On the determinants of inflation, the preference and technology shocks also contribute significantly to the forecast errors. The cost-push shocks contribute about 40% of inflation variance. 
Appendix Bayesian Estimation Results for the parameters
